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The present invention relates to a welding ap- 
paratus which can shorten a time period needed for 
moving a welding tip from a weld point to a suc- 
cessive weld point and an operation method there- 
of. 

As illustrated in FIGS. 5 and 6, a conventional 
spot welding apparatus has a general purpose ro- 
bot 1 and a welding gun 3 mounted to a wrist 2 of 
the robot 1. In the welding apparatus, the welding 
gun has a welding tip 4 which is driven by an air 
cylinder. 

The robot 1 and the welding gun 3 are op- 
erated according to an operation timing schedule 
shown in FIG- 7. More particularly, when or after 
the welding gun has reached a position corre- 
sponding to a welding point, a pressurizing start 
instruction is issued and the pressurizing motion 
continues for a time period ti. After pressurizing, 
welding starts by applying an electric current to the 
welding tip. After terminating the electric current, a 
depressurization start instruction is issued and the 
depressurization continues for a time period 
When or after depressurization has finished, the 
welding gun moves toward the successive welding 
point driven by the robot. 

However, the pressurizing time period ti and 
the pressurizing release time period t2 lengthen the 
welding cycle time. 

An object of the invention is to provide a weld- 
ing apparatus and an operation method thereof 
wherein a welding cycle time is not lengthened by 
the pressurization and depressurization processes 
so that welding cycle time is shortened compared 
with the above-described conventional welding 
method. 

The above and other objects, features, and 
advantages of the present invention will become 
more apparent and will be more readily appre- 
ciated from the following detailed description of the 
preferred embodiments of the invention taken in 
conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a system diagram of a welding appara- 
tus in accordance with one embodiment of the 
present invention; 

FIG. 2 is a block diagram of a control system of 
the apparatus of FIG. 1; 

FIG. 3 is a cross-sectionai view of a welding gun 
of the apparatus of FIG. 1 ; 

FIG. 4 is a chart showing a time schedule of 
operation of the welding apparatus of FIG. 1; 
FIG. 5 is a schematic side view of a conven- 
tional robot welding apparatus and a workpiece 
to be welded; 

FIG. 6 is an enlarged oblique view of a welding 
gun of the apparatus of FIG. 5; and 
FIG. 7 is a chart showing a time schedule of 
operation of the conventional welding apparatus 



of FIG. 5. 

As illustrated in FIG. 1, a welding apparatus in 
accordance with one embodiment of the present 
invention generally includes a robot 1 1 , a welding 
5 gun 12, and a robot controller 13. 

The robot 11 has a welding gun mounting 
surface (hereinafter, a gun mounting surface) 14 at 
its tip (wrist), and the welding gun 12 is mounted to 
the robot 11 at the gun mounting surface 14. In 
io order that the gun mounting surface 14 may 
achieve an arbitrary position and slope (hereinafter, 
position) throughout a fixed three-dimensional co- 
ordinate system, the robot 11 must have six de- 
grees of freedom (x, y, z, $ Xt Q y , e z ). The robot 1 1 
is comprises six arms are connected in series by six 
articulations (rotatable joints) 15. Each articulation 
15a, 15b, 15c, 15d, 15e, 15f has an actuator 16 
(16a, 16b, 16c, 16d, 16e, 16f) for rotating the 
articulation and a position sensor 17 (17a, 17b, 17c, 
20 17d, 17e, 17f) for detecting a rotation amount. The 
actuator 16 comprises, for example, a servo motor, 
and the position sensor 17 comprises, for example, 
an encoder coupled to the servo motor. 

As illustrated in FIG. 3, the welding gun 12 has 
25 a gun body, a welding tip (a gun tip) 18 movable 
relative to the gun body, a welding gun actuator 
(hereinafter, a gun actuator) 19 for driving the weld- 
ing tip 18 in one direction relative to the gun body, 
and a welding tip position sensor (hereinafter, a tip 
30 position sensor) 20 for detecting a position of the 
welding tip 18 relative to the gun body. The gun 
actuator 19 has a servo motor 21 and a ball screw 
22 for converting a rotation of a shaft of the servo 
motor 21 to a stroke motion of the welding tip 18 in 
35 one direction. The tip position sensor 20 comprises 
an encoder coupled to the servo motor 21. Thus, 
unlike a conventional air cylinder-type gun actuator, 
the gun actuator 19 of welding gun 12 of the 
invention can drive the welding tip 18 to an ar- 
40 bitrary position relative to the gun body in one 
direction, and the relative position can be detected 
by the tip position sensor 20. 

The robot controller 13 comprises a computer 
and is electrically connected to the actuators 16 
45 and the position sensors 1 7 of the robot 1 1 and to 
the gun actuator 19 and the tip position sensor 20 
of the welding gun 12. The robot controller 13 has 
a CPU (central processor unit) 23 for conducting 
calculations and a RAM (random access memory) 
so 24 for temporarily storing data. The CPU 23 uses 
sensor information to calculate a current position 
R*G of the welding tip 18 in a fixed space defined 
by a three dimensional coordinate system having 
its origin at a robot base end. The CPU 23 then 
55 compares the calculated position R*G with a pre- 
determined trajectory Ro*Go from a first welding 
point to a successive welding point, and calculates 
a deviation which is fed to the robot actuators 16 
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and the gun actuators 19. The RAM 24 stores the 
coordinates of the predetermined trajectory R 0 *G 0 
for the welding tip 18. The coordinates of the 
trajectory Ro"G 0 are predetermined such that the 
robot 11 and the welding gun 12 are operated 
synchronously or simultaneously with each other 
during a pressurization and depressurization. Even 
if the pressurizing start signal is issued, the weld- 
ing tip 18 does not begin to pressurize a workpiece 
to be spot-welded before the welding tip 18 is 
lowered to contact the workpiece. In other time 
periods, the welding tip 18 is driven only by the 
robot 1 1 which a) calculates a current position R of 
the welding tip 18 based on information frQm the 
position sensors 17, b) compares the position R 
with a predetermined trajectory Ro to determine, 
and c) feeds the deviation back to the robot ac- 
tuators 16 so that the welding tip moves along the 
predetermined trajectory Ro. 

FIG. 2 illustrates the robot controller 13. The 
robot controller 13 has the CPU (a main CPU) 23, a 
servo CPU 25 electrically connected to the main 
CPU 23, an output interface 26, and a servo am- 
plifier 28 electrically connected to each output in- 
terface 26. The output of each servo amplifier 28 is 
fed to a corresponding robot actuator 16 or gun 
actuator 19. The calculation of current position R*G 
and R of the welding tip 18 and the calculation of 
deviation of the current position from the predeter- 
mined trajectory Ro*G 0 and R 0 are conducted at 
the main CPU 23. The CPU 23 feeds an output as 
to what position each robot arm and welding gun 
should take to each servo CPU 25. At each servo 
CPU 25, the current position and speed of each 
robot arm and welding gun are compared with the 
output from the main CPU 23 and are controlled so 
that a deviation of the current position and speed of 
each robot arm and welding gun from the output 
from the CPU 23 is as small as possible and, as a 
result, the welding tip 18 is controlled to move 
along the predetermined trajectory. 

In FIG. 2, a portion concerning the R calcula- 
tion is a known portion, and an encircled portion 
concerning the R*G calculation is a new portion 
added in the present invention. The portion con- 
cerning the R calculation corresponds to a control 
of movement of the welding tip 18 driven by the 
robot actuators 16 only, after depressurization and 
before a successive pressurizing start signal is 
issued. The portion concerning the R*G calculation 
corresponds to a control of movement of the weld- 
ing tip 18 driven by both the robot actuators 16 and 
the gun actuator 19, during pressurization and de- 
pressurization. 

Next, an operation method of the above-de- 
scribed welding apparatus will be explained with 
reference to FIG. 4 and FIGS. 1-3, including steps 
of moving a welding tip 18 to a welding point 



where welding is conducted and then moving the 
welding tip to a successive welding point. 

First, the welding tip 18 is moved toward a 
welding point. Before pressurization, the welding tip 

5 18 is driven by the robot 11 only. During that time 
period, the gun actuator 19 is halted so that the 
welding tip 18 does not stroke relative to the gun 
body. During that time period, control of moving 
the welding tip 18 along the predetermined trajec- 

10 tory is conducted at the R calculation portion of 
FIG. 2. 

When a pressurizing start signal is issued dur- 
ing the movement of the welding tip 18 toward the 
welding point, the robot 11 and the welding gun 12 

15 begin to operate synchronously (or simultaneously) 
with each other and are controlled so that arrival of 
the welding tip 18 at the weld point and completion 
of pressurization coincide with each other. This 
control is conducted by operating both the R cal- 

20 culation portion and the R*G portion of FIG. 2. 

During the simultaneous operation of the robot 
11 and the welding gun 12, a position R*G of the 
welding tip 18 is calculated based on information G 
from the tip position sensor 20 of the welding gun 

25 12 and information R from the position sensors 17 
(17a, 17b, 17c, 17d, 17e, 17f) of the robot 11. The 
calculated position R*G is compared with the pre- 
determined trajectory Ro*Go and stored in the RAM 
24. The robot 11 and the welding gun 12 are 

30 controlled such that the deviation of the position 
from the trajectory is as small as possible and, as a 
result, the welding tip 18 moves along the pre- 
determined trajectory Ro*Go Position is measured 
relative to a three-dimensional coordinate system 

35 having its origin at the robot base. 

The reason why the position of the welding tip 
18 can be expressed in the form of R*G is as 
follows: 

With respect to the robot 11, a position of a 
first end of each robot arm relative to a second, 
base end of the robot arm can be determined by a 
column vector having four elements x, y, z, 0, 
where d is an articulation rotation angle at the 
second end. When the second end of the arm is 

45 pivotabiy connected to a first end of a second arm 
and the position of the first end of the first arm is 
expressed in the coordinates of the second arm, a 
four-by-four coordinate transformation matrix is 
necessary. This relationship holds with respect to 

so all of the six arms one another. Therefore, to ex- 
press the position of the hand (the gun mounting 
surface) of the six-articulation robot 1 1 in the three- 
dimensional coordinate system having its origin at 
the base end of the robot, a four-by-four coordinate 

55 transformation matrix R, which is a product of six 
four-by-four matrices each corresponding to adja- 
cent two arms of the six arms, is necessary. Such 
four-by-four matrix R is known as Matrix of Denavit 
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where, elements x R , y R , and z R are x, y, and z 
coordinates of the gun mounting surface and Ri - 
Rs are vectors determined by directions of the gun 
mounting surface. 

In the embodiment of the invention, the welding 
gun 12 is fixedly mounted to the gun mounting 
surface 14 of the robot 1 1 , The welding gun 12 has 
a welding tip 18 which can stroke in one direction 
relative to the gun body. The movement of the 
welding tip 18 in one direction is taken as one one 
degree of freedom of the robot 1 1 and is controlled 
by the robot controller 13. 

The position of the welding tip 18 (a column 
vector having four element, x G , vg. 2 g« 0) with 
respect to the coupling surface of the welding gun 
to the robot (which coincides with the gun mount- 
ing surface 14 of the robot after the welding gun is 
coupled to the robot) is expressed in a three- 
dimensional coordinate system having its origin at 
the gun mounting surface 14 using a four-by-four 
coordinate transformation matrix G. 
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where, elements x G , y G , and z G are x, y, and z 
coordinates of the welding tip and Gi - Gg are 
vectors determined by directions of the welding tip, 
relative to the three-dimensional coordinate system 
having its origin at the coupling surface of the 
welding gun to the robot. 

The position of the welding tip 18 can be 
expressed in the three-dimensional coordinate sys- 
tem having its origin at the robot base end using a 
four-by-four product matrix R*G. The matrix R*G is 
a matrix whose elements vary according to a point 
on the welding tip trajectory. 

If an optimum trajectory for the welding tip 
from one welding point to a successive welding 



point is specified, the matrix R 0 'Go corresponding 
to the optimum trajectory is definitely determined. 
The matrix R 0 "G 0 corresponding to the optimum 
trajectory is stored in the RAM. By controlling the 

s robot actuator and the gun actuator such that a 
differential between the matrix R*G and the matrix 
Ro*Go. the actual trajectory of the welding tip 18 
can be close to the predetermined optimum trajec- 
tory from a welding point to a successive welding 

io point. If the optimum trajectory Ro*Go is predeter- 
mined such that pressurization and depressuriza- 
tion of the welding tip 18 by the gun actuator 19 
are conducted during movement of the welding tip 
18, the time periods ti and t 2 can be removed from 

15 the welding cycle time. Since ti is about 0.3 sec- 
onds and t2 is about 0.2 seconds, the welding 
cycle time can be decreased by about ten seconds 
per one workpiece in a case where there are twen- 
ty weld points per one workpiece, 

20 When the welding tip 18 reaches the welding 

point, the pressurizing has just finished. At the 
same time, the robot 1 1 is stopped, and the work- 
piece is spot-welded. 

When the welding is finished, the robot 1 1 and 

25 the welding gun 12 are operated synchronously (or 
simultaneously) with each other so that movement 
of the welding tip 18 toward the successive welding 
point and depressurization of the welding tip 18 are 
conducted simultaneously with each other. 

30 After depressurization, the welding tip 18 is 

moved by the robot 11 only until the successive 
pressurizing start signal is issued. 

The above-described welding process will be 
repeated until welding at all the welding points is 

35 finished. 

In accordance with the present invention, since 
the robot 11 and the welding gun 12 are operated 
synchronously with each other during a time period 
between an issue of a pressurizing start signal and 

40 finish of the pressurizing and during a time period 
between an issue of a pressurizing release signal 
and finish of the pressurizing release, the pres- 
surization and depressurization time periods can be 
eliminated from the welding cycle time so that the 

45 welding cycle time is shortened. 

Claims 

1. An operation method of a welding apparatus, 
so wherein the welding apparatus is provided 

with: 

a muiti-articulation robot (11) having a plu- 
rality of actuators (16), a plurality of position 
sensors (17), and a gun mounting surface (14) 
55 formed at a tip of the robot (1 1 ); 

a welding gun (12) mounted to the robot 
(11) at the gun mounting surface (14) and 
having a gun body, a welding tip (18) movable 
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relative to the gun body, a tip position sensor 
(20) for detecting a position of the welding tip 
(18) relative to the gun body, and a gun ac- 
tuator (19) for driving the welding tip (18) rela- 
tive to the gun body; and 5 

a robot controller (13) electrically connect- 
ed to the robot (11) and the welding gun (12) 
for controlling operation of the robot (11) and 
the welding gun (12), said method comprising 
the steps of: 10 

(a) driving the welding tip (18) toward a 
welding point by operating the robot (1 1 ); 

(b) upon issue of a pressurizing start signal 
during said driving the welding tip (18), op- 
erating both the robot (11) and the welding ;s 
gun (12) simultaneously with each other so 

that arrival of the welding tip (18) at said 
welding point and finish of pressurizing of a 
workpiece by the welding tip (18) coincide 
with each other; 20 

(c) upon arrival of the welding tip (18) at 
said welding point, stopping the robot (11) 
and starting welding; 

(d) upon finish of said welding, operating 
again both the robot (11) and the welding 25 
gun (12) simultaneously with each other so 

that movement of the welding tip (18) to- 
ward a successive welding point and de- 
pressurization of the welding tip (18) are 
conducted simultaneously; and 30 

(e) upon finish of the depressurization, stop- 
ping operation of the welding gun (12) and 
moving the welding tip (18) toward a suc- 
cessive welding point- 
as 

2. A method according to claim 1, wherein the 
steps of simultaneously operating the robot 
and the welding gun comprise steps of: 

(i) calculating a current position of the weld- 
ing tip (18) of the welding gun (12) in a 40 
fixed space defined by a three-dimensional 
coordinate system having its origin at a 
base end of the robot (1 1 ) based on in- 
formation from the tip position sensor (20) 

of the welding gun (12) and information 45 
from the plurality of position sensors (1 7) of 
the robot (11) in the robot controller (13), 

(ii) comparing the calculated position of the 
welding tip (18) with a predetermined trajec- 
tory for the welding tip (18) from a welding so 
point to a successive welding point in the 
robot controller (13), and 

(iii) controlling the welding tip (18) to move 
along the predetermined trajectory. 

55 

3. A method according to claim 2, wherein said 
gun actuator (19) comprises a servo motor (21) 
and a ball screw (22) for converting a rotation 
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of the servo motor (21) to a stroke motion of 
the welding tip (18), and said tip position sen- 
sor (20) comprises an encoder coupled to the 
servo motor (21) for detecting a rotation 
amount of the servo motor (21), and wherein a 
current position of the welding tip (18) relative 
to the welding gun mounting surface (14) of 
the robot (11) is expressed using a four-by-four 
matrix G which is based on information from 
the tip position sensor (20). 

4. A method according to claim 2, wherein said 
robot (11) comprises a six articulation robot 
which has an actuator (16) and a position sen- 
sor (17) for each articulation (15), and wherein 
a position of a gun mounting surface (14) of 
the robot (11) in the fixed space is expressed 
using a four-by-four matrix R which is based 
on information from all the position sensors 
(17a, 17b, 17c, 17d, 17e, 17f) of the robot (11). 

5. A method according to claim 2, wherein a 
position of the welding tip (18) in the fixed 
three-dimensional coordinate system is ex- 
pressed using a matrix product R*G of a first 
four-by-four matrix G defining a position of the 
welding tip (18) relative to the gun mounting 
surface (14) of the robot (11) and a second 
four-by-four matrix R defining a position of the 
gun mounting surface (14) of the robot (11) in 
the fixed space. 

6. A method according to claim 5 ( wherein a 
current position of the welding tip (18) ex- 
pressed using the four-by-four matrix R*G is 
compared with a predetermined trajectory for 
the welding tip (18) expressed using a four-by- 
four matrix Ro*Go, and a deviation of the cur- 
rent position of the welding tip (18) from the 
predetermined trajectory is fed to the gun ac- 
tuator (19) and the actuators (16) of the robot 
(11), so that the welding gun (12) and the robot 
(11) are operated synchronously. 

7. A method according to claim 1 , wherein a time 
period between an issue of a pressurizing start 
signal and the completion of pressurization is 
about 0.3 seconds, and a time period between 
start of depressurization is about 0.2 seconds- 

8. A welding apparatus comprising: 

(a) a robot (11) having a plurality of articula- 
tions (15), each articulation (15) having an 
actuator (16) and a position sensor (17), the 
robot (11) having a gun mounting surface 
(14) formed at a tip of the robot (11); 

(b) a welding gun (12) mounted to the gun 
mounting surface (14) and having a gun 
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body, a welding tip (18) movable linearly in 
one direction relative to the gun body, a tip 
position sensor (20) for detecting a current 
position of the welding tip (18) relative to 
the gun body, and a gun actuator (19) for 5 
driving the welding tip (18) relative to the 
gun body; and 

(c) a robot controller (13) electrically con- 
nected to the gun actuator (19), the tip 
position sensor (20), the actuators (16), and 10 
the position sensors (17), the robot control- 
ler (13) calculating a current position of the 
welding tip (18) in a fixed space defined by 
a three-dimensional coordinate system hav- 
ing its origin at a base end of the robot (11), 75 
comparing the calculated current position 
with a predetermined trajectory from a weld- 
ing point to a successive welding point, and 
feeding a deviation of the current position 
from the predetermined trajectory to the ac- 20 
tuators (16) of the robot (11) and the gun 
actuator (19). of the welding gun (12) so that 
the welding gun (12) moves along the pre- 
determined trajectory. 

25 

9. An apparatus according to claim 8, wherein the 
robot (11) and the welding gun (12) operate 
synchronously with each other during pres- 
surization and depressurization. 

30 

10. An apparatus according to claim 8, wherein 
said robot (11) comprises a robot having six 
articulations (15) and six degrees of freedom in 
its motion. 

35 

11. An apparatus according to claim 8, wherein the 
gun actuator (12) comprises a servo motor (21) 
and a ball screw (22) for converting a rotation 
of the servo motor (21) to a stroke of the 
welding tip (18), and wherein the tip position 40 
sensor (20) comprises an encoder coupled to 

the servo motor (21) to detect rotation of the 
servo motor (21). 

12. An apparatus according to claim 8, wherein the 45 
robot controller (13) comprises a computer 
having a CPU (23) and a RAM (24), the CPU 

(23) calculating a current position of the weld- 
ing tip (18) and comparing the current position 

of the welding tip (18) with a predetermined so 
trajectory for the welding tip (18), and the RAM 

(24) storing the predetermined trajectory of the 
welding tip (18). 
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